Background. The reported incidence of childhood cancer in upper-middle-income South Africa (SA) is much lower than in high-income countries, partly due to under-diagnosis and under-reporting. Documented survival rates are disturbingly low, prompting an analysis of potential factors that may be responsible. Objectives. To determine final-year medical students' level of knowledge of early warning signs of childhood cancer and whether a correlation existed between test scores and participants' age, gender and previous exposure to a person with cancer. Methods. A two-part questionnaire based on the Saint Siluan mnemonic, testing both recall and recognition of early warning signs of childhood cancer, was administered. The Mann-Whitney-Wilcoxon test was used to assess differences in continuous and count variables between demographic data, experience and responses, and Fisher's exact test and Spearman's rank correlation coefficient were used to determine correlations between demographic data, previous contact with persons with cancer and test scores. A novel equality ratio was calculated to compare the recall and recognition sections and allowed analysis of recall v. recognition. Results. The 84 participants recalled a median of six signs each (interquartile range 4 -7) and correctly recognised a median of 70% in the recognition section, considered a pass mark. There was no correlation between participants' age, gender, previous contact with a person with cancer and recognition scores. Students with previous exposure to a person with cancer had higher scores in the recall section, but this did not achieve statistical significance. Students were able to recognise more signs of haematological malignancies than central nervous system (CNS) malignancies. Conclusion. The study demonstrated a marked inconsistency between recall and recognition of signs of childhood cancer, with signs of CNS malignancies being least recognised. However, the majority of students could recognise enough early warning signs to meet the university pass standard. Although this study demonstrated acceptable recognition of early warning signs of childhood cancer at one university, we suggest that long-term recall in medical practitioners is poor, as reflected in the low age-standardised ratios of childhood cancer in SA. We recommend increased ongoing exposure to paediatric oncology in medical school and improved awareness programmes to increase early referrals.
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Childhood cancer constitutes a leading cause of childhood mortality in high-income countries (HICs). [1] Seemingly paradoxically, 5-year overall survival rates of children with cancer exceed 80%. [2] Unfortunately, despite availability of most of the treatment modalities required to treat childhood cancer, the reported survival rates of South African (SA) children with cancer range between 48% [3] and 52%. [4] The leading causes of under-5 mortality in SA are intestinal infectious diseases, respiratory and cardiac diseases, disease in the neonatal period, influenza and pneumonia, and other neonatal causes, [5] but as SA's economy has matured from a lower-middleincome country to an upper-middle-income country in the past three decades, [6] it is predicted that diseases more prevalent in HICs will become more important.
The age-standardised ratio of childhood cancer is approximately 130 -160 per million children in HICs. [2] In SA there are approximately 16.2 million children aged <15 years. [7] If the expected incidence rate is applied to the SA population, an annual rate of 900 -2 500 new cases of paediatric malignancies would be expected. According to the most recent publication from the South African Paediatric Tumour Registry, [8] ~700 new cases per year were reported. The reported incidence of childhood cancer is therefore much lower than that in HICs, in part due to under-diagnosis and under-reporting of cases. [9] It has been estimated that two-thirds of SA children with cancer do not reach an appropriate specialist centre, and many of the children who present to a paediatric oncology unit do so with advanced disease. [3] Early warning signs of childhood cancer can easily be mistaken for common and less severe illnesses and can therefore be missed.
The majority of paediatric malignancies are embryonal in origin, as opposed to the epithelial malignancies seen in adults, and potentially have higher survival rates. [2] Paediatric malignancies are usually the result of DNA mutations occurring at an early stage in life, with environmental and lifestyle risk factors playing little or no role. [10] As they have short latency periods and rapid growth, [1] more emphasis is placed on early detection, as opposed to the emphasis on preventive measures in adults.
In order to increase the detection and rapid, appropriate referral of children with cancer, a group of doctors working in the paediatric RESEARCH oncology field devised and disseminated the Saint Siluan early warning signs of childhood cancer. [3] This mnemonic encompasses signs and symptoms of >80% of childhood cancers and has been adopted by the International Society of Paediatric Oncology (SIOP) as an effective tool to increase diagnoses and referrals. [11] It has not yet been established in the available literature whether late referrals of children with cancer due to medical delays (i.e. delays associated with misdiagnoses rather than infrastructural or socioeconomic issues) are associated with poor training or suboptimal recall of the signs of childhood cancer, and there is no documented baseline level of knowledge. While there may be numerous other causes of medical delays, this study focused on medical education alone. It was conducted by medical students as part of a compulsory research block.
Objective
In order to plan and evaluate awareness programmes, it is essential to establish baseline knowledge in health professionals. The objective of the current study was to determine the level and depth of knowledge of the early warning signs of childhood cancer among final-year medical students at a single university. Given the high number of undiagnosed childhood cancer patients in the SA setting, a secondary aim in selecting this population was to increase awareness about early warning signs of childhood cancer in future medical practitioners.
Methods

Population and sample size
Final-year medical students were targeted in this survey, as various studies have indicated that delays in diagnosis are frequently associated with medical rather than parental delays. [9] The premise was that medical students completing a long period of intensive study and training and about to embark on internship would be expected to have a safe level of knowledge. The study was conducted midway through the year on the 2014 class of final-year medical students. All respondents who gave consent were included. The sample population reflected a convenience sample of the total number of individuals in the population group.
Data collection
As there are currently no validated questionnaires to determine knowledge of early warning signs of childhood cancer, we used the Saint Siluan mnemonic as a framework to develop a questionnaire, in combination with a questionnaire described in an article from Brazil, [12] a country with economic and social similarities to SA, and used to assess the knowledge of childhood cancer among community health workers. Respondents were also asked to provide demographic data (gender and age), whether they knew anyone (child or adult) with cancer, and whether they had had any exposure to a patient with cancer.
Data were collected by means of self-administration of the questionnaire at a non-compulsory class meeting. It has been reported that questionnaires based on recognition rather than recall yield higher scores, [13] so both assessment modalities were incorporated into the questionnaire in this study. Part 1 comprised an unstructured questionnaire in which participants were asked to recall as many signs of childhood cancer as possible. Part 2 consisted of a structured questionnaire in which participants were asked to indicate which signs from a list of 20 were indeed signs of childhood cancer. This section consisted entirely of actual signs of childhood cancer, i.e. there were no misleading questions, and signs were selected to be representative of the most common paediatric malignancies. The participants were instructed not to turn back to add anything to part 1 once they had turned over to part 2, to make sure that part 1 accurately tested unprompted recall. There was no time limit, and participants returned the questionnaires when they were completed.
On completion, they were given an awareness leaflet about early warning signs of childhood cancer, provided by the Childhood Cancer Foundation of South Africa (CHOC). The completed questionnaires were then marked by two student members of the research team, and each marked questionnaire was checked by a paediatric oncologist (JG).
Statistical analysis
In the recall section, participants were required to furnish as many signs of childhood cancer as they could remember. There was therefore no finite score to attain (i.e. no denominator with which to compare the recall answers of the study population). An equality ratio was thus created to assess the consistency between the recall and recognition abilities of the students. The ratio was calculated by the following formula: 'number of correct recall answers/number of correct recognition answers' for each student. Participants who did not provide a single correct answer in recall and/or recognition were excluded from the equality ratio (five participants). A score of 1 in the equality ratio was considered ideal, as this hypothetically shows an equivalence between ability to recall a fact unprompted and recognising the same fact when prompted. Continuous and count data (age, recall, recognition and equality ratio) were assessed for normality and presented as medians with interquartile ranges (IQRs). The Mann-Whitney-Wilcoxon test was used to assess differences in continuous and count variables between demographic data, experience and responses. Spearman's rank correlation was used to assess associations between continuous and count variables. All analyses were performed at the 95% confidence interval using Stata Statistical Software, version 13 (StataCorp, USA). Statistical significance was defined as p<0.05. 
Ethics and institutional approval
Results
The questionnaires were completed by 84 students at the noncompulsory class meeting, at which 130 of the 220 students registered were present, representing a response rate of 84/130 (64.6%). Respondents included 62 females, 21 males and one of unspecified gender, with a median age of 24 years (range 22 -35). Of the students who completed the questionnaire, 51 (60.7%) reported having been involved in the management of a person with cancer, 50 (59.5%) having both known and been involved in the medical management of a person with cancer, and one having neither known nor been involved in the management of a person with cancer. No student reported having only known a person with cancer.
The median number of correctly recalled responses was 6 (IQR 4 -7). Neither gender nor age was associated with higher scores in the recall section (p=0.390 and p=0.870, respectively). In addition, no correlation was detected between higher recall scores and knowing a person with cancer (p=0.725) or having been involved in the management a patient with cancer (p=0.807).
The participants correctly identified 70% of the signs from the list of 20 options; 70.2% of participants could recognise at least RESEARCH 60% (considered a pass at Wits Medical School) of the listed signs, while 44.1% of participants could correctly identify more than 75% (considered a first-class pass) of the signs (range 0 -100%) (Fig. 1) . No correlation was found between scores achieved and the participant's gender (p=0.650) or age (p=0.850) in the recognition section.
The participants had high scores when asked to identify signs relating to haematological malignancies such as unexplained bleeding, correctly identified by 85.7%, easy bruising (86.9%) and fatigue (85.7%) (Fig. 2) . Symptoms such as unexplained fever (81.0%) and loss of weight and appetite (88.9%) were also well recognised. Participants showed poor recognition of neurological signs such as a change in balance (44.1%) and an enlarging head (41.7%), as well as one of the signs of leukaemia, aching joints (48.8%).
The relationship between the recall and recognition sections was tested using Spearman's rank correlation coefficient, and these were determined to be independent of each another (Spearman's ρ=-0.033, p=0.763). The median equality ratio score for the participants was 0.47 (IQR 0.29 -0.58), indicating that the majority of the students scored higher in the recognition section than in the recall section.
There were negative correlations between test scores and gender, personal experience, clinical experience, and the combination of clinical and personal experience (Fig. 3) .
Discussion
This student-initiated study aimed to determine knowledge of early warning signs of childhood cancer in final-year medical students at a single university. Both recall and recognition questions were used to assess knowledge of the early warning signs. As predicted, students attained higher scores in the recognition section than in the recall section. Recognition questions prompt students' memories, allowing them to recall signs that they may otherwise not have remembered as signs of childhood cancer. [13] Previous clinical experience of a patient with cancer was found to have a statistically significant impact on the equality ratio in the study population, suggesting that clinical experience is associated with an increased equality between recall and recognition of childhood cancer symptoms. The overall median of 0.47 suggests a discrepancy in the recall v. recognition abilities of the students. With the population mean being <1, and given that the mean score in the recognition section was 68.1%, it may be inferred that medical students are trained to recognise signs and symptoms rather than being able to recall them from memory.
Signs indicating central nervous system (CNS) malignancies were under-recognised in this study, fewer than half the respondents being able to recognise neurological deficits and an enlarging head as potential signs of childhood cancer (Fig. 2) . Certain presenting symptoms are related to diagnostic delays, with CNS tumours having both the longest median delay and the highest risks for physician delay. [1, 9, 14] As CNS malignancies are the second most common form of childhood cancer in SA, [8] the observation that so many of our students were unaware of their signs is particularly concerning. Longer diagnostic delays in CNS malignancies increase the likelihood that children will develop cognitive and learning difficulties as well as irreversible neurological deficits. [14] In contrast, children who are diagnosed earlier in the disease process tend to have fewer long-term complications. [14] State primary-and secondary-level healthcare facilities may be where the child with cancer first encounters healthcare professionals, including junior doctors, who could detect early warning signs. Without adequate familiarity with these signs, delays in diagnosis are almost inevitable. [12] Early diagnosis enables timely treatment and may prevent unnecessary complications. [14] The importance of educating the healthcare community on early warning signs has been documented over more than two decades. [15] It has been agreed that a wider range of medical professionals should be educated, and that knowledge of early warning signs of childhood cancer should not be limited to paediatric oncologists. [9, 16] In SA there is a clear need to increase awareness, given that physician delays tend to be longer than patient delays, and that >50% of patients are initially misdiagnosed. [9] A significantly longer overall delay, including physician delay, has been documented when a child's presenting symptom is pain, [12] and the current study confirmed that aching joints and bones are poorly recognised, suggesting the possibility that these will be missed in a clinical setting. Poor knowledge of neurological signs should be addressed by placing more emphasis on neurological tumours of childhood, with increased patient exposure in the academic hospitals during undergraduate training.
Study limitations
The survey method, while approximating an undergraduate testing experience and approved by the HREC, was not formally approved 
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as a testing method by an examinations committee and therefore cannot be directly compared with university test scores. The questionnaire was completed in an uncontrolled environment, and not all students were in attendance. Consequently, the study participants could have belonged to a specific subset in the class comprising individuals who were more likely to attend formal academic training sessions and who therefore might be expected to score higher in the questionnaire, and not be a true representation of the class in its entirety. The response rate of 64.6% is considered adequate, but the possibility that the scores were influenced by selection bias cannot be ignored, and the sample size was not as large as was anticipated. The age range of the class was narrow, as was expected, and it was therefore not possible to detect any difference in scores associated with age. The wording of the question: 'Do you know anyone (child or adult) who has/had cancer' , allowed for ambiguity in its interpretation.
The aim was to determine whether the participants had personal knowledge of someone with cancer, but the question allowed for overlap between those who knew someone personally and those who had had clinical contact with a patient with cancer, potentially allowing both groups to answer 'yes' . The equality ratio devised for this study is a theoretical concept and has not yet been validated. The survey was conducted in a single SA university and the findings may therefore not be applicable to other settings.
Recommendations
Healthcare workers should be skilled in recognising early warning signs of childhood cancer in order to diagnose and refer patients appropriately and promptly. All healthcare workers who interact with children should be made aware of these warning signs to decrease delays. These professionals include but are not limited to primary healthcare workers, general practitioners, paediatricians, and traditional and complementary practitioners. There may be a need for reassessment of the methods of medical student training regarding childhood cancer. Of necessity, as a result of the growing numbers of students in medical schools nationwide, examinations using the multiple-choice format have assumed greater importance. We postulate that this may have contributed to the skewing of learning towards recognition and away from recall. While it would take studies with far greater scope than this one to detect or confirm an association between learning and teaching methods and early detection rates of childhood cancers, it is recommended that attention be directed to this issue. The unacceptably low survival rate of children with cancer in SA should be addressed as a matter of urgency. This study contributes to the small but growing body of data addressing this issue, and should be taken into account when planning awareness campaigns.
Conclusion
The low survival rate of children with cancer in SA requires urgent attention and research to determine its many causes. While medical education is not the only factor impacting on this issue, it is an important one and can be addressed in the formal university setting.
No correlation was demonstrated between the ability of students in this study to correctly recall answers and knowledge of a person with cancer. Moreover, no association was observed between their ability to recognise signs of cancer and previous clinical experience. Although a score at the level of a university pass was attained by 70% of final-year medical students when asked to recognise early signs of childhood cancer, these students demonstrated a lack of consistency between recall and recognition, with overall reliance on recognition based on analysis of the equality ratio. This novel tool shows potential for the ongoing evaluation of levels of knowledge of such concepts. Participants demonstrated higher levels of awareness of signs relating to haematological cancers than signs of CNS malignancies.
Improving survival rates of children with cancer will require a thoughtful, multipronged approach, and increasing awareness at medical school represents the foundation of this undertaking. Despite our respondents achieving the required scores to pass university examinations, we contend that more effort may be required to increase the depth and recall of knowledge. Emphasis should be placed on increasing contact time with patients. Enough is not enough … 
Fig. 3. Negative correlations between gender (A), personal experience (B), clinical experience (C) and the combination of clinical and personal experience (D) and test scores.
